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(71) We, Fahbenkabhikw Bayeh 
^nmiGBSELLsciMjFr, a body corporate^ 
ganised undtt the laws of Germany of 509 
Leveifaisen, Germany, do hereby dldareTe' 
invenuon, for which we pray Aat aTatrat 
may be granted to us, and the method by 
wluch It IS to be petfomied, to be particu- 
larly described m and by the followii^ state- 



"ITiis invention relates to a process for the in 
production of alkyl fluoroformattsT 

p^^ • ^ ^ p'^'^ ''y ^ ^^^^ 



MP 



1) Alkyl_0-C-a-^Alfcyl-0_C_F+Ma 



M=Th, K or Na 
2) Alkyt-OH+XCP- 



►Alkyl—OCF+HX 



X=F, a, Br. 

on 1, 1?^ preparation of fluoroformic add esters 
riL f.'^'^'^S^°^9''yPa''showninSS^ 
w apphcable to a limited Son- 

ber of esters. Smce the exchange reaction 
generally requires ekvated reactiS temp«^° 
5^; S those chloroformates which are 

25 steble when heated can be used in tiiis re- 
action. 

Tertiary allqrl esters of fluoroformic acid 
have been disclosed in Belgian Patent Soeci 
fication No. 708,452 and be p^^^'w 

c^nC " '^^'^ 

The process^ illustrated by equation 2) 
which have so far been described have, how- 
evtt, a senous disadvantage for industrial 
^ reaction^ 
Be started at low temperatures of about —70" 
and must tiien be continued over a wide 
temperature range of i5> to room temperature 
or, m die case of sensitive types of esters, 
temperatures of up to about 0° C Both tiic 
attainment of tiie low starting temperatunJ 
[Price 5s. Od. (25/>)] 



30 



35 



40 



smd the mcrease of temperature ova- a wide 
temperature range is isdmically ve? ^S- 
si^and mates it difficult to^ca^^o^Ae 
process contmuously. Even if tiie necessar^ 
«acaon conditions are obtained fo^S 
d« preparations, it is not poTsibte to^^ 
vent the formation of die corr^onding neu- 
ttal carbonates in addition to tiiTicli^ 
fluorofoimates when COFQ is used 
mg material a Chem. Soc ms 2«S" 
The yields in tiiis process ^th^^oJeS £ 
repon of 50 to 55% of die SSS^ 
^s reason, COFBr has been sug^til^ 
sta^ng matenal in J. 0*g. Chem 139^ 
9- ^sUy selective reactiok iWth 

4e Jdcohpk can tiius be achieved d« 
greater differences in die reactivity of die two 
halogen atoms, and die yields can tiwrdSLte 
««eased by about 20% of die^S 

mdusmal use as it is difficultiy aec^We 

3,362,980, die undesired formation of 
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bonates in the preparatioii of fiuQrofcrnnates of 
vidnal polyhydric alcrfiols is sup press ed by 
usiBg ternary amines as catalysts. However, tbe 
reaction takes a very long time (40 hours in 

4 the example). This process is therefore also 
not suitable for industrial application. 

The present invention provides a process 
for die pr^aration of alkyi or cydoalkyl 
fluorof ormates from aliphatic or cydoalij^nc 

10 alcdiols and COFQ and/or COF, in the 
piesence of at least an equivalent quantity of 
isobutylene in which tbe components are re- 
acted together at temperatures of —20 to 
+ 80° C under a pressure of 0.1 to 50 excess 

15 atmo^hcres, preferably of up to 20 excess 
atmospheres. 

It is necessary to work in a pressure vessel. 
The excess pressure required may either be 
the pressure of die mixture at die tempera- 

20 ture employed or it may be increased by farc- 
ing in an inert gas (nitrogen). 

When the reaction is carried out m this 
way, it proceeds very rapidly so that a con- 
tinuous process becomes possible. Coiaider- 

25 able increase in the rate and simplification in 
the method of preparing fluorofotmates is 
achieved by die process according to the 
invcution. Moreover, it was not to be ex- 
pected from the state of the art menti<med 

30 above that it would be possible to carry out 
the process with high yields under die con- 
ditions employed accordmg to the invention. 

The aliphatic or cycloaliphatic alcohols 
which may be used for carrying out the pro- 

35 cess may be primary, secondary or, preferably 
tertiary aliphatic alcohols, in particular alkyl 
alcohols containing 1 to 6 csurbon atoms in 
the alkyl group. The term alkyl also include 
cycloalkyl. Methyl alcohol, cyclohexyl alcohol, 

40 n-butyl alcohol and, in particular, ternary 
butyl alcohol are particularly suitable r^rc- 
sentatives. 

The COFQ or COF, used as startmg 
material is obtained by known processes from 

45 phosgene and SbFj. These processes always 
hsuit in a mixture of COFj, COFQ and un- 
changed CCKHs. The components can be ob- 
tained pure by distillation, but it is one ad- 
vantage of the process according to the inyen- 

50 tion that the crude mixture obtained from 
this process may be used direcdy, pnmded 
only that the correct amount of COFa and 
COF, is present. 

The process is generally camed out by 

55 introducing the alcohol and isobutylene into a 
pressure vessel in which the tempcratije 
should be maintained in the region of 0 C, 
and tiien forcing in COFCl and/or COF„ i.c. 
in general a mixture of fluorinated phosgenes. 

60 When the reaction is complete, the pressure 
in the autoclave is released. Tbe reactwrn pro- 
duct can be used direcdy after concentration 
by evaporation in a sli^t vacuum. It con- 
tains as impurities mainly the chlorides e.g. 

65 t-butylchloride of the alcohols on which the 



reaction is based. The fluoroformate can be 
isolated firom the reaction product by distil- 
lation. . 

If the process is carried out contmuously, 
all the starting materials are pumped continu- 70 
ously into a pressure vessel and are then re- 
moved after the reaction. In a special mediod 
of carrying out the process continuously, the 
reaction product is transferred into a vacuum 
via an intermediate vessel The crude product 75 
obtained in this way can be used widiout 
further purification. 

The molar ratios of aliphatic alcohol and 
fluorinated phosgene used as starting materials 
are not very important for the process. Pre- 80 
ferably approximately molar ratios should be 
used to start with. For reasons of cost, it may 
be desirable to use the acylating component in 
excess. Isobutylene, which serves here both as 
a solvent and as an HQ acceptor, may be 85 
used in excess amounting to as much as three 
times and preferably li times the calculated 
quantity. 

Alkyl fluoroformates are important peptide 
reagents. 90 

The process is illustrated by the following 
Exan^Ies. 

ESAMPLB 1 

A solution of 150 g of tertiary butanol and 
188 g of isobutylene is introduced into a 95 
stainless steel autoclave of 1.3 litres capacity. 
287 g of a mixture of fluorinated phosgenes 
which contain 70 mols % of COFj^ and 
COFQ are introduced under pressure in 20 
minutes at a temperature of 0** C. which 100 
is maintained by external cooling. The auto- 
clave contents are dien heated to 10** Q which 
causes the pressure to rise to 4 excess atmo- 
^heres approximately although the pressure 
rapidly duninishes again to about 0.5 anno- 105 
spheres. The pressure is released and the resi- 
due is concentrated to 247 g by evaporation 
under a slight vacuum. The residue then has 
an nD***= 13642, and according to gas chro- 
matographic analysis it contains 28.5% mol 110 
of tertiary butyl chloride and 68.0% mol=' 
76.3% by weight of F-formic acid tertiary 
butyl ester. 

This corresponds to a yield of 78.2%' of 
theory, based on the tertiary butanol used. 115 

This crude product can be used directiy as 
an acylating component for introducing pro- 
tective groups in peptide syntheses. 

However, lie pure tertiary butyl fluorofor- 
mate can be eaaly obtained from the crude 120 
product by distillatioai as a li<^d of b.p.24 mm 
=9 — 12** C and a refracnve index ni>^" 
1.3586. 

Example 2 

Cydohexyl fluorof cnmate, of b.p.xiinm=45*' 125 
Q ife"=1.4160 is obtained in a yield of 
72% in a manner analogous to Example 1, 
using cycldiexanol as starring material. 
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B5AMPi^ 3 

Methyl fluonrfannate, of b.p. 35 42° C 

and ife"== 1.3540, is obtained in 90% yield 
by a method analogous to Exanmle 1, using 
methanol as starting materiaL 

EXAMPLE 4 
2200 G of molten tertiary butanol is sucked 
into an evacuated pressure flask. 3200 ml of 
isobutylene is then forced into the tertiary 
butanol by means of excess nitrogen pressure. 
A hcmogaieous solution is obtained in the 
flask by reputed shaking. This mixture con- 
tains 0.495 mol of tertiary butanol per 100 
ml The reaction vessel used is a 0.3 litres 
autoclave of V4A steel equipped with stirrer 
ai^ arculatmg external cooling. Two inlet 
tubes lead directly to the stirrer blade via 
valves. An overflow tube starts 2 cm below the 
hd. 660 ml per hour of the butanol solution 
are pumped througji an inspection vessel and 
one of the inlet tubes into this autoclave at an 
external cooling of -2** C. fluorinated phos- 
gene IS dosed from a second inspection vessel 
by means of a membrane pump at the same 
tune. A fluorophosgene mixture of tiie fol- 
lowing conq)osition was used: 9<3A COF». 
43.7^ GOOF and 46.2% COQ, Cdensity= 
approximately 1.1). It was pumped in at the 
rate of 300 ml per hour. The pressure is 
allowed to rise up to 18 excess atmospheres 
m the 0.3 litre autoclave and is then released 
mto a container equipped with a stirrer via 
tile overflow tube at the same rate as that 
at which it is pumped into the autoclave. This 
container is equipped witii a jacket which 
IS mamtamed at a temperature of +10° C 
with water. The gaseous products escape from 
the top of this container and are carried to a 
washing plant. If the memal cooling is main- 
tamed at the temperature indicated above, the 
tempM^ture of the contents in the reaction 
autodave rises at the most to +2** C The 
reaction product can be removed from the low 
pressure container via an ascending tube if 
the g^discharge tube is dosed for a short 
time. This does not interrupt the process of 
pumpmg in the components. If the operation 



IS contmued for a total of 6 hours, several 
samples of tiie reaction product provide an 
approximately 70% yidd of tiie tertiary butyl 
^^C0^'(^^ on tiie sum of cS?, 

WHAT WE OLAIM IS:_ 

1. A proress for the preparation of alkyl 
or cydoal^l fluoroformates from aliphatic 
or ^oahphatic alcohols and COFQ aid/or 
COF2 m tiie presence of at least an equivalent 
quantity of isobutylene, in which the com- 

T~%"Z Tl^ Q^"^ temperatures 
n i * ^ ™^ a pressure of 

yy.l to 50 excess atmospheres. 

^r j^ Process as claimed m daim 1 in 
^'^ch the pressure used is up to 20 excess 
atmospheres. 

3. A process as claimed in daim 1 or claim 
2 in which tiie aliphatic alcohol used is a 
tertiary alcohol. 

4. A i»-ocess as daimed in aity of claims 
lt(>J which IS carried out at approximately 

5. A process as daimed in any of claims 
1 to 4 m which li times tiie calculated quan- 
tity of isobutylene is used. 

6. A process as daimed in any of claims 
1 to 5 m which the components are reacted to- 
gether continuously by pumping them into a 
pressxire vessel. 

7. A process as daimed in claim 6 in which 
the reacuon product is continuously released 
mto a vacuum via an intermediate vessd. 

8. A process as daimed in daim 1 siib- 
stantiaUy as herein described witb. reference 
to any one of tiie Examples. 

9. Alkyl fluoroformates when prepared bv a 
process as claimed in any of dauns 1 to 8. 

ELIONGTON & FIFE, 
Chartered Patent Agents, 
High Holbom House, 
52—54 High Holbom, 

London, W.C.I, 
Agents for the Applicants. 
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